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57] ABSTRACT

A method for manufacturing a magnetic disk substrate
includes a step of polishing a glass-ceramic having a crystal
phase consisting of crystal grains having an average diam-
eter of less than 3 um with a polishing material having a
orain diameter smaller than the diameter of the crystal grain.
In one aspect of the mvention, the glass-ceramic includes
lithium disilicate (Li,0—2810,) and alpha-quartz (alpha-
Si0,) as predominant crystal phases and grown crystal
orains of the alpha-quartz each have a globular grain struc-
ture consisting of aggregated particles and have a diameter
within a range of 0.3 um-3.0 um.

8 Claims, 6 Drawing Sheets
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METHOD FOR MANUFACTURING A
MAGNETIC DISK SUBSTRATE

BACKGROUND OF THE INVENTION

This invention relates to a method for manufacturing a
magnetic disk substrate made of glass-ceramic having an
improved surface characteristic after polishing.

There 1s an 1ncreasing demand for a magnetic disk as an
external storage medium of an office computer and a per-
sonal computer and various developments have been made
for improving characteristics of a magnetic disk. A substrate
for a magnetic disk 1s generally required to have the fol-
lowing characteristics:

(1) In the CSS (contact-start-stop) characteristic
(hereinafter referred to as “CSS characteristic”) of a mag-
netic disk, 1f the disk has a smooth surface having surface
roughrless (Ra) below 15A, sticking between the head and
the disk occurs due to increase 1n contact resistance caused

by high rotation of the disk and, for this reason, the surface
roughness (Ra) should be larger than 15A. Further it the
surface of the disk 1s a rough one having the surface
roughness (Ra) exceeding 50A, damage of the head or the
disk tends to take place and, for this reason, the surface
roughness (Ra) should not exceed 50A.

(2) There 1s tendency to reducing glide height (i.e.,
interval between the head and surface of the disk) for
improving recording density of the magnetic disk and, for
this reason, the surface of the disk should be flat and smooth
to such extent that a desired glide height can be achieved.

(3) The magnetic disk substrate should be free from
crystal anisotropy and other defects and should have fine and
uniform texture.

(4) The substrate should have mechanical strength and
hardness which are sufficient for standing high speed rota-
tion of the disk and contact with the head.

(5) The substrate should not include Na,O ingredient in its
material because if the substrate includes the Na,O
ingredient, a Na 1on 1s diffused in the substrate during a film
forming process with resulting deterioration in the charac-
teristics of the substrate.

(6) The substrate should have chemical durability for
resisting rinsing and etching with various chemicals.

An aluminum alloy has generally been used as a magnetic
disk substrate 1n the past. The aluminum alloy however
tends to develop undesirable projections or spot-like pro-
jections and depressions on the surface of the surface of the
substrate during a polishing process due to various defects
existing inherently 1n the material with resulting deficiency
in 1ts flatness and surface roughness. The aluminum alloy
therefore cannot satisly the current demand for high density
recording required for coping with increase in the amount of
information.

Known also 1n the art are various types of magnetic disk
substrates made of a chemically reinforced glass which have
been developed for eliminating the above described disad-
vantages of the magnetic disk substrate made of aluminum
alloy. These magnetic disk substrates made of a chemically
reinforced glass however have the following disadvantages:

(1) Since polishing of the substrate is made after the
chemical remnforcing processing, the reinforced layer tends
to become 1nstable as the thickness of the magnetic disk 1s
decreased.

(2) The substrate must be subjected to a mechanical or
chemical texturing in order to 1improve the contact-start-stop
characteristic and this requirement makes 1t difficult to
manufacture magnetic disks in a large scale and at a low
COst.

5

10

15

20

25

30

35

40

45

50

55

60

65

2

(3) Since the substrate includes Na,O as an essential
ingredient, the film forming characteristic 1s deteriorated
and, as a result, a surface coating process becomes neces-
sary. Further, for eliminating the requirement for the textur-
ing for improving the contact-start-stop characteristic in the
chemically reinforced glass or glass-ceramics, a process has
recently been developed for making the surface of the
substrate rough. This process however 1s also insufficient for
producing magnetic disks 1n a large scale and at a low cost.

Some glass-ceramics are known as materials satisfying
some ol the above described requirements. For example,
Japanese Patent Applcation Laid-open No. Sho 60-229234
discloses a S10, —AlL,O,—11,0 system glass-ceramic
which 1ncludes alpha-quartz solid solution or beta-
spodumene solid-solution as a main crystal phase and con-
sists of crystal grains having a diameter of about 0.1-1.0 um.
Japanese Patent Application Laid-open No. Sho 62-72547
discloses a S10,—L1,0 system glass-ceramic which
includes, as main crystal phases, granular lithium disilicate
having a grain diameter of about 0.3—1.5 um and granular
lithium metasilicate having a grain diameter of about
0.3-0.5 m. U.S. Pat. No. 3,231,456 discloses a Sio,—
L1,0—P,0.—MgO system glass-ceramic added with CuO
and SnO 1ngredients which includes lithium disilicate and as
a main crystal phase and alpha-quartz as a subsidiary crystal
phase.

U.S. Pat. No. 3,977,857 discloses a S10,—L1,0—
MgO—P,0.—(Na,O0+K,0) system glass-ceramic which is
suitable as a material which adheres directly to a metal
material. The U.S. Patent describes that the main crystal
phase of this glass-ceramic 1s L1,0-2810.,.

Japanese Patent Application Laid-open No. Sho
63-210039 discloses a S10,—L1,0—MgO—P,0O. system
glass-ceramic which 1s suitable for use as a magnetic disk
substrate. This publication describes that the main crystal
phases of this glass-ceramic are Li1,0-2S510, and alpha-
cristobalite.

In the prior art Li1,0—S10, system glass-ceramics
(Japanese Patent Application Laid-open No. Sho 62-72547,
U.S. Pat. No. 3,232,456, U.S. Pat. No. 3,977,857 and
Japanese Patent Application Laid-open No. Sho 63-210039,
crystal phases grown are L1,0-2S10,, as a main crystal phase
and a small amount of SiO, ( alpha-cristobalite or alpha-
quartz). In these prior art glass-ceramics, it is the
L1,0-2510, crystal phase as the main crystal phase and not
the alpha-quartz or alpha-cristobalite crystal phase that
performs a principal function. These prior art glass-ceramics
cannot provide, as a surface characteristic existing inher-
ently 1n the glass-ceramics after polishing, the surface
roughness of 15A-50A which is necessary for the CSS
characteristic of a magnetic disk. For this reason, for
improving the CSS characteristic required for a magnetie
disk substrate, some texturing processing 1s required after
the polishing process for making the surface of the glass-
ceramic rough. This prevents a large scale production of a
magnetic disk having the above described characteristics at
a low cost.

For overcoming the above described disadvantages of the
prior art magnetic disk substrates, the assignee of the present
invention has found, as a result of studies and experiments
made for the purpose of eliminating the above described
disadvantages of the prior art magnetic disk substrates and
providing a magnetic disk substrate made of a glass-ceramic
which has an excellent surface characteristic after polishing
by controlling the crystal structure and crystal grains of
crystal grown 1n the glass-ceramic, and providing also a
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method for manufacturing the magnetic disk substrate, that
a glass-ceramic obtained by subjecting a S10,—L1,0—
P.O. system glass including MgO as an essential ingredient
to a heat treatment under a strictly limited temperature range
has a microstructure in which alpha-quartz (alpha-SiO,) in
the form of aggregated globular particles 1s randomly grown
in a uniform crystal phase of lithium disilicate(Li,0-2S10.,)
and that, since this microstructure consists of the lithium
disilicate phase which 1s mechanically and chemically
instable and the alpha-quartz phase which 1s mechanically
and chemically stable, projections and depressions are pro-
duced on the surface of the glass-ceramic substrate after
polishing owing to mechanical and chemical actions pro-
duced by lapping and polishing processes, and that a mag-
netic disk substrate having an excellent surface characteris-
tic after polishing can be obtained by controlling the
diameter of the ageregated particles of alpha-quartz.

This magnetic disk substrate 1s one described in the
specification of U.S. patent application Ser. No. 08/307,889
filed on Sep. 16, 1994 which 1s made of a glass-ceramic
having lithium disilicate (Li,O0-2S10,) and alpha-quartz
(alpha-Si0.,) as predominant crystal phases, in which grown
crystal grains of alpha-quartz (alpha-Si0,) have a globular
orain structure each consisting of aggregated particles, the
globular grain have a diameter within a range of 0.3 um-3.0
pm, and the surface roughness (Ra) of the surface the
substrate after polishing 1s within a range of 15A-50A. The
glass-ceramic substrate can be obtained by subjecting to a
heat treatment a base glass consisting 1n weight percent of
65-83% S10,, 8-13% Li1,0, 0-7% K,O, 0.5-5% MgO+
ZnO+PbO 1n which 0.5-5% MgO, 0-5% ZnO, 0-5% PbO,
1-4% P,O., 0-7% Al,O; and 0-2% As,O; +Sb,0..

In the CSS characteristic of a magnetic disk, the surface
roughness (Ra) of the disk should be within the range of
15A-50A and the above described glass-ceramic developed
by the assignee of the present invention can achieve this
surface roughness of 15A=50A without the necessity for a
mechanical or chemical texturing. However, decrease 1 the
olide height necessary for increasing recording density of a
magnetle disk cannot be automatically achieved by achiev-
ing the surface roughness of 15A-50A.

The glide height 1s determined on the basis of surface
roughness (Ra) and surface waviness (Wa) of the magnetic
disk substrate. The glide height 1s lower as a value of each
characteristic (Ra or Wa) is smaller. As an index indicating
a limit value of glide height, GABP (glide avalanche break
point, its unit being “microinch” (#")) 1s currently employed.
GABP presently required for a magnetic disk substrate 1s 1n
the order between 1.0 " to 1.5 " but a smaller glide height
will be required as a demand for a high density recording
becomes stronger.

Polishing of glass-ceramics has been generally carried out
by using a polishing material such as cerium oxide having a
orain diameter of 1 um to 2 um which 1s generally used for
polishing optical glasses. In the case of the above described
glass-ceramic developed by the assignee of the present
invention, however, glide height of GABP exceeding 0.8 1"
only can be achieved by this conventional polishing method,
though the surface roughness within the range of 15A—50A
can be achieved. Thus, it has been found that 1t 1s difficult to
achieve a glide height of GABP 0.8 u" or below by the
conventional method and therefore the conventional polish-
ing method cannot cope with the future requirement for a
reduced glide height.

The invention has been made to overcome the above
described problem arising i1n achieving by polishing of a
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glass-ceramic a very small glide height required for achiev-
ing a high density recording.

It 1s, therefore, an object of the present invention to
provide a method for manufacturing a magnetic disk sub-
strate made of glass-ceramic which can satistfy the require-

ment for reduction 1n the glide height which will occur 1n
future.

SUMMARY OF THE INVENTION

For achieving the object of the invention, the mventors of
the present invention have made studies and experiments
which have resulted 1n a finding, which has led to this
invention, that by polishing a glass-ceramic having a crystal
phase consisting of crystal grains having an average diam-
cter of less than 3 um with a polishing material having a
orain diameter smaller than the diameter of the crystal
orains, a magnetic disk substrate made of a glass-ceramic
having projections of crystal grains of a uniform height and
having very small waviness on the surface of the substrate
can be obtained and, as a result, a magnetic disk substrate
having a smaller glide height than a magnetic disk substrate
obtainable by the conventional polishing method can be
provided.

According to the invention, there 1s provided a method for
manufacturing a magnetic disk substrate comprising a step
of polishing a glass-ceramic having a crystal phase consist-
ing of crystal grains having an average diameter of less than
3 um with a polishing material having a grain diameter
smaller than the diameter of the crystal grains.

Fine projections and depressions are generally produced
on the surface of a glass-ceramic after polishing due to
difference 1 wear between crystal phases or between a
crystal phase and an amorphous glass phase contained 1n the
olass-ceramic. There 1s also difference 1n the surface struc-
ture of a glass-ceramic due to the size and shape of crystal
grains contained.

The above described glass-ceramic which has been devel-
oped by the assignee of the present invention has a special
crystal structure 1 which the globular crystal grains of
alpha-quartz each consisting of aggregated particles which
are 1nherently stronger mechanically and chemically than
lithium disilicate (Li,0-2S10,) have grown randomly in the
lithium disilicate crystal grains and, owing to this crystal
structure, the crystal grains of lithium disilicate are ground
faster than the crystal grains of alpha-quartz and, as the
polishing process progresses, the crystal grains of alpha-
quartz project fairly prominently from the surface of the
lithum disilicate crystal grains with the result that the
surface roughness (Ra) within an ideal range of 15A—50A is
achieved. This surface roughness can be attained sufficiently
by polishing the glass-ceramic with a polishing material
which 1s generally used for polishing such as certum oxide.

It has however been found that, when this glass-ceramic
in which the crystal grains of alpha-quartz have an average
diameter of, for example, 0.5 um 1s polished with a con-
ventional material made of certum oxide having a grain
diameter of 1.2 um, 1.e., when the glass-ceramic 1s polished
under the condition that the grain diameter of a polishing
material 1s larger than the diameter of the crystal grains, the
surface of the glass-ceramic 1s ground coarsely and a uni-
form height of the projections of alpha-quartz crystal grains
cannot be maintained with the result that relatively large
waviness remains on the surface of the glass-ceramic.

According to the invention, by polishing the glass-
ceramic with a polishing material having a grain diameter,
¢.g., less than 0.5 um 1n the above example, which 1s smaller
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than the diameter of the crystal grain, the crystal grains
project at a substantially uniform height from the surface of
the glass-ceramic and, besides, a portion between the crystal
grains 1s polished smoothly and, as a result, waviness on the
surface becomes small whereby a smaller glide height can
be obtained.

As the polishing material, any polishing material may be
used 1f the grain diameter thereof 1s smaller than the grain
diameter of crystal grains. For example, certum oxide,
colloidal silica, zirconium oxide, alumimmum oxide, chro-
mium oxide and carbon silicide may be used as such
polishing material. Among these polishing materials, colloi-
dal silica 1s most preferable because the grain diameter
thereof 1s significantly smaller than those of the other
polishing materials.

According to the method of the present invention, the
glass-ceramic may be polished by using only a polishing
material having a grain diameter smaller than the diameter
of crystal grains. This method however takes much time and,
besides, a polishing material such as colloidal silica 1s costly.
For overcoming this problem, according to one aspect of the
invention, the glass-ceramic 1s preferably polished initially
with a polishing material having a grain diameter, e.g.,
certum oxide having a grain diameter of 1.2 um 1n the above
example, which 1s substantially equal to or larger than the
orain diameter of the crystal grains and then the glass-
ceramic 1s polished further with a polishing material having
a grain diameter, ¢.g., colloidal silica having a grain diam-
eter of 0.08 um, which 1s smaller than the diameter of the
crystal grains.

The present 1nvention can be applied most advanta-
geously to the above described glass-ceramic developed by
the assignee of the present application. That 1s, 1n one aspect
of the invention, the glass-ceramic includes lithrum disili-
cate (L1,0-2Si0,) and alpha-quartz (alpha-SiO,) as pre-
dominant crystal phases and grown crystal grains of the
alpha-quartz each have a globular grain structure consisting
of aggregated particles and have a diameter within a range
of 0.3 um-3.0 um.

In a preferred form, said glass-ceramic 1s obtained by
subjecting to a heat treatment a base glass which consists in
welght percent of 65-83% S10,, 8-13% 11,0, 0-7% K, O,
0.5-5.5% MgO+ZnO+PbO in which 0.5-5.5% MgO, 0-5%
Zn0O, 0-5% Pb0O, 14% P,0O., 0-7% Al,O,, 0-2% As,O,+
Sb,0,.

As a result of conducting numerous experiments, it has
been found that 1n the glass-ceramic of the present invention,
when the ratio Wa/Ra of surface waviness Wa to surface
roughness Ra 1s 0.5 or below, a preferable glide height of
GABP 0.8 ¢" or below can be obtained. Accordingly, 1n a

preferred aspect of the mnvention, Wa/Ra should be 0.5 or
below.

The method according to the invention i1s applicable not
only to production of the above described glass-ceramic
developed by the assignee of the present application but also
to production of other glass-ceramics including other crystal
phases such as S10,, L1,51,0., beta-spodumene, gehlenite,
cgahnite and canasite.

DETAILED DESCRIPTION OF THE
INVENTION

As a base glass for manufacturing the above described
olass-ceramic developed by the assignee of the present
invention, various types of glass compositions are available
for use. Some preferred examples of such glass composition
will be described below.
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The composition of the glass-ceramic constituting a mag-
netic disk substrate can be expressed on the basis of a
composition of oxides as 1n 1ts base glass. The content
ranges of the respective ingredients 1n the preferred
examples have been selected for the reasons stated below.

The S10, ingredient 1s an 1mportant ingredient which
produces alpha-quartz (S10,) and lithium disilicate
(Li,0-2510,) as crystal phases by heat treating the base
olass. If the amount of this mgredient 1s below 65%, the
crystal produced in the glass-ceramic i1s instable and its
texture tends to become too rough. If the amount of this
ingredient exceeds 83%, difficulty arises 1n melting the base
olass. As a result of experiments, 1t has been found that a

particularly preferable range of this ingredient 1s from 70%
to 82%.

The L1,0 mgredient 1s also an important ingredient which
produces lithium disilicate (Li,O-2Si0,) crystal as a crystal
phase by heat treating the base glass. If the amount of this
ingredient 1s below 8%, growth of this crystal becomes
difficult and melting of the base glass becomes also difficult.
If the amount of this ingredient exceeds 13%, the grown
crystal of the glass-ceramic becomes instable and its texture
tends to become too rough and, besides, chemical durability
and hardness of the glass-ceramic are deteriorated. It has
been found that a particularly preferable range of this
ingredient is from 8% to 11%.

The K,O mgredient 1s an ingredient which improves
melting property of the base glass and can be included up to

7%. A particularly preferable range of this ingredient 1s from
1% to 6%.

The MgO ingredient 1s an important ingredient which has
been found 1n the present invention to cause a globular
crystal grain of aggregated particles of alpha-quartz (S10,)
as the crystal phase to grow randomly 1n the entire glass. If
the amount of this ingredient 1s below 0.5%, the above
described effect cannot be obtained whereas 1f the amount of
this ingredient exceeds 5.5%, growth of a desired crystal
becomes difficult. A particularly preferable range 1s from 1%

to 5%.

The ZnO and PbO mgredients may also be added because
they have a function similar to that of MgO. If the amount
of the ZnO or PbO ingredient exceeds 5%, growth of a

desired crystal becomes difficult. A particularly preferable
range of ZnO 1s from 0.2% to 5%.

For the same reason, the total amount of the MgO, ZnO

and PbO 1ngredients should be within the range from 0.5 to
5.5%.

The P,O. ingredient 1s an essential mngredient as nucle-
ating agent for the glass-ceramic. If the amount of this
ingredient 1s below 1%, a desired crystal cannot be produced
whereas 1f the amount of this ingredient exceeds 4%, the
ogrown crystal of the glass-ceramic becomes instable and too
rough and, besides, its stability against devitrification 1is

deteriorated. A particularly preferable range of this imngredi-
ent 1s from 1% to 3%.

The Al,O; ingredient 1s an effective ingredient for
improving chemical durability of the crystallized glass-
ceramic. If the amount of this mmgredient exceeds 7%, the
melting property of the base glass 1s deteriorated and, as a
result, the rate of crystal growth of alpha-quartz (alpha-
Si0,) as the main crystal phase is reduced. A particularly
preferable range of this ingredient is from 1% to 6%.

The As,O; and/or Sb,0O, ingredients may be added as
refining agents 1n melting the base glass. It will suffice 1if the
total amount of one or both of these ingredients up to 2% 1s
added to the glass.
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In addition to the above described ingredients, one or
more of B,0,, Ca0, SrO, BaO, Ti0, and ZrO, mgredients
may be added 1n a small amount within the range 1n which
desired properties of the glass-ceramic according to the
invention will not be impaired.

For manufacturing the magnetic disk substrate according
to the invention, the base glass having the above described
composition 1s molten and after being subjected to heat
forming and/or cold forming, 1s heat treated for producing a
crystal nucleus under a temperature within a range from
450° C. to 540° C. for about 1 to 5 hours and is further heat
treated for crystallization under a temperature within a range
from 700° C. to 840° C. for about 1 to 5 hours. If the
temperature of nucleation is below 450° C., nucleation
caused by phase separation due to the P,O.ingredient is
insufficient whereas 1f the temperature of nucleation exceeds
540° C., microcrystals of Li,O-SiO, which grow as the
crystal nucleus fail to grow uniformly and also become gross
crystal nucleus and, for this reason, such gross crystal
nucleus of lithium monosilicate prevents aggregation of
small particles of alpha quartz which subsequently grow and
causes them to scatter and grow as monospherical grains of
alpha-quartz instead of globular grains each being made of
aggregated particles.

The temperature of crystallization, associated with the
cffect caused by the MgO 1ingredient, performs a very
important function for controlling the size of the globular
grain of aggregated particles of alpha-quartz (alpha-Si0,). If
the temperature of crystallization is below 700° C., the
crystal of alpha-quartz will not grow sufliciently whereas 1t
the temperature of crystallization exceeds 840° C., it
becomes difficult to maintain the globular grain structure of
aggregated particles with resulting failure in obtaining the

above described advantage of the mvention.

The glass-ceramic thus heat treated 1s then subjected to a
lapping process and finally to a polishing process 1n which
the surface of the glass-ceramic 1s polished with a polishing
material having a grain diameter smaller than the diameter
of the crystal grains to provide a magnetic disk substrate
having the surface roughness (Ra) within the range from
15A to 5013&, the ratio Wa/Ra between the surface waviness
Wa and the surface roughness Ra 1s 0.5 or below and GABP
1s 0.8 u" or below.

In a preferred embodiment of the invention, the glass-
ceramic 1s 1nitially polished with a polishing material having
a grain diameter which 1s larger than the diameter of the
crystal grains and then further polished with a polishing
material having a grain diameter which 1s smaller than the
diameter of the crystal grains.

The polishing can be performed by a conventional method
using a known polisher and a conventional device used
generally for polishing either one surface or both surfaces ot
a glass-ceramic.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings,

FIGS. 1A and 1B are graphs showing profiles after
polishing of an example of the magnetic disk substrate made
of the glass-ceramic according to the mvention;

FIGS. 2A and 2B are graphs showing profiles after
polishing of another example of the magnetic disk substrate
made of the glass-ceramic according to the invention;

FIGS. 3A and 3B are graphs showing profiles after
polishing of a comparative example of a magnetic disk
substrate made of a glass-ceramic;
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FIGS. 4A and 4B are graphs showing profiles after
polishing of another comparative example of a magnetic
disk substrate made of a glass-ceramic;

FIG. § 1s a photograph showing a three-dimensional AFM
(atomic force microscope) image of the surface after pol-
1shing of the glass-ceramic substrate of Example 1 of the
mvention; and

FIG. 6 1s a photograph showing a three-dimensional AFM
image of the surface of the glass-ceramic substrate of
Comparative Example 1.

EXAMPLES

Some examples of the magnetic disk substrate according,
to the mvention will be described below with reference to
the accompanying drawings.

EXAMPLE 1

For manufacturing a glass-ceramic, materials including
76.7% S10,, 10.5% L1,0, 3.8% Al,O,, 2.5% Mg0O, 0.5%

Zn0, 4.0% K,O, 2.0% P,O; and 0.5% As,O; were mixed
and molten 1n a conventional melting apparatus at a tem-
perature within the range from about 1350° C. to about
1500° C. The molten glass was stirred to homogenize it and
thercafter formed into a desired shape and annealed to
provide a formed glass. Then, this formed glass was sub-
jected to a heat treatment to produce the crystal nucleus at
540° C. for about five hours and then was subjected to
further heat treatment for crystallization at 780° C. for two
hours to produce a glass-ceramic having lithium disilicate
(Li,0-2510,) and alpha-quartz (alpha-SiO, ) as predominant
crystal phases, said crystal phase of alpha-quartz being
formed of grown crystal grains each having a globular grain
structure made of aggregated particles. An average grain
diameter of the globular grains of alpha-quartz was 1.2 um
according to an observation through an electronic micro-
scope. This glass-ceramic was lapped for about 60 minutes

with GC polishing grains having an average grain diameter
of 11.5 um.

A hard type polishing cloth made of a non-woven fabric
was mounted on a ratary table of a dual surface polishing
apparatus and the formed glass-ceramic which had been
subjected to the lapping process was mounted on the rotary
table of the polishing apparatus. Polishing was performed at
a polising load of 120 g/cm” for 70 minutes by rotating the
rotary table and supplying slurry made of cerium oxide
polishing grains having an average grain diameter of 1.2 um
suspended 1n water at a concentration of 20 weight perecent
(pH 7.4) at a speed of 3 liter per minute for each formed
glass-ceramic.

Then, polishing was performed further at a polishing load
of 60 g/cm® for 5 minutes by supplying colloidal silica
contaming 40 weight percent silica particles each having an
average grain diameter of 0.08 um (pH 9.5) at a speed of 0.2
liter per minute for each formed glass-ceramic to produce a
magnetic disk substrate.

The average surface roughness (Ra), peak surface rough-
ness (Rp) and average surface waviness (Wa) of the mag-
netic disk substrate thus produced were measured by using

a touch-needle type surface roughness meter Tencor-P2.
Measured Ra was 18A, Rp 127A and Wa 9A respectively.
Surface profiles of the glass-ceramic substrate are shown 1n

FIGS. 1A and 1B. FIG. 1A shows the surface roughness and
FIG. 1B the surface waviness.

The glass-ceramic substrate was subjected to a film form-
ing process which 1s known per se and thereby was formed
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into a high recording density magnetic disk. More
specifically, the glass-ceramic substrate was heated 1n a
vacuum state and subsequently was coated, by a sputtering,
process, with an intermediate layer of chromium, a magnetic
layer of cobalt alloy and a protective layer of carbon and
then was coated with a lubricating material layer on the
surface of the protective layer to provide a magnetic disk.

GABP of this magnetic disk was measured by using an
RX-2000 type glide tester made by Hitachi Electronic
Engineering Co., Ltd. The measured GABP was 0.61 u".

EXAMPLE 2

For manufacturing a glass-ceramic of another example,
materials including 75.7% Si0,, 11.0% L1,0, 3.3% Al,O,,
3.0% MgO, 0.5% ZnO, 4.0% K,O and 2.0% P,O; were
mixed and molten 1n a conventional melting apparatus at a
temperature within the range from about 1350° C. to about
1500° C. The molten glass was stirred to homogenize it and
thereafter formed into a desired shape and annecaled to
provide a formed glass. Then, this formed glass was sub-
jected to a heat treatment to produce the crystal nucleus at
540° C. for about five hours and then was subjected to
further heat treatment for crystallization at 740° C. for six
hours to produce a glass-ceramic having lithrum disilicate
(Li,0 2S810,) and alpha-quartz (alpha-S10,) as predominant
crystal phases, said crystal phase of alpha-quartz being
formed of grown crystal grains each having a globular grain
structure made of aggregated particles. An average grain
diameter of the globular grains of alpha-quartz was 0.6 um
according to an observation through an electronic micro-
scope. The same lapping and polishing processing as applied
to Example 1 were applied to this formed glass-ceramic to
produce a magnetic disk substrate. This magnetic disk
substrate had Ra of 30A, Rp of 171A and Wa of 13A. The
surface profiles of this magnetic disk substrate 1s shown 1in
FIGS. 2A and 2B. FIG. 2A shows the surface roughness and
FIG. 2B the surface waviness.

The same film forming processing as was applied to the
glass-ceramic substrate of Example 1 was applied to this
glass-ceramic substrate to produce a magnetic disk and

measured GABP was 0.80 u".

Comparative Example 1

A magnetic disk substrate was produced in the same
manner as in Example 1 except that polishing was per-
formed by using only a cerium oxide polishing material
having an average grain diameter of 1.2 um. This magentic
disk substrate had Ra of 19A, Rp of 116A and Wa of 12A.
The surface profiles of this magnetic disk substrate are

shown 1 FIGS. 3A and 3B. FIG. 3A shows the surface
roughness and FIG. 3B the surface waviness.

The same film forming processing as was applied in
Example 1 was applied to this glass-ceramic substrate to
produce a magnetic disk and measured GABP was 0.85 u".

Comparative Example 2

A magnetic disk substrate was produced in the same
manner as 1 Example 2 except that polishing was per-
formed by using only a cerium oxide polishing material
having an average grain diameter of 1.2 um. This magentic
disk substrate had Ra of 32A, Rp of 162A and Wa of 19A.

The surface profiles of this magnetic disk substrate are
shown m FIGS. 4A and 4B. FIG. 4A shows the surface

roughness and FIG. 4B the surface waviness.

The same film forming processing as was applied in
Example 2 was applied to this glass-ceramic substrate to
produce a magnetic disk and measured GABP was 0.99 u".
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Comparison of Examples 1 and 2 wih Comperative
Examples 1 and 2

Ra, Rp, Wa and GABP of the Examples 1 and 2 and those

of the Comperative Examples 1 and 2 are shown 1n the
following Table:

TABLE
Comparative Comparative
Example 1 Example 2 Example 1 Example 2
Ra(A) 18 32 19 32
Rp(A) 127 171 116 162
Wa(A) 9 13 12 19
Wa/Ra 0.50 0.43 0.63 0.59
GABP (") 0.61 0.80 0.85 0.99

From this table, 1t will be understood that Wa/Ra of
Examples 1 and 2 1s 0.50 or less whereas Wa/Ra of Com-
parative Examples exceeds 0.50 and that GABP of Exmples
1 and 2 1s 0.80 " or less whereas GABP of Comparative
Examples 1 and 2 exceeds 0.80 u".

Further, as will be apparent from the photographs of
FIGS. 5 and 6, in Example 1, the crystal grains of alpha-
quartz project from the surface of the lithium disilicate
crystal phase at a substantially uniform height and, besides,
the lithium disilicate crystal phase in the portion between
respective crystal grains of alpha-quartz exhibits a substan-
tially flatly polished surface whereas, in Comparative
Example 1, the crystal grains of alpha-quartz project at a
height which is not uniform and, moreover, undulations (i.c.,
waviness) are formed on the surface of the lithtum disilicate
crystal phase.

As will be understood from the above, according to the
present mvention, by polishing a glass-ceramic substrate
with a polishing material having a grain diameter smaller
than the diameter of crystal grains of the glass-ceramic
substrate, the crystal grains project at a substantially uniform
height and a portion between the crystal grains 1s polished
substantially flatly so that the surface waviness 1s reduced
and a desired glide height of GABP 0.8 " or below can
thereby be obtained.

What 1s claimed 1s:

1. A method for manufacturing a magnetic disk substrate
comprising a step of polishing a glass-ceramic having a
crystal phase consisting of crystal grains having an average
diameter of less than 3 um with a polishing material having
a grain diameter smaller than the diameter of the crystal
oTalns.

2. A method as defined in claim 1 wherein said glass-
ceramic includes lithium disilicate (LL1,0-2S10,) and alpha-
quartz (alpha-S10,) as predominant crystal phases and
orown crystal grains of the alpha-quartz each have a globu-
lar grain structure consisting of aggregated particles and
have a diameter within a range of 0.3 um—-3.0um.

3. A method as defined in claim 2 wherein said glass-
ceramic 1s obtained by subjecting to a heat treatment a base
oglass which consists 1n weight percent of 65-83% S10.,,
8—13% 11,0, 0-7% K,O, 0.5-5.5% MgO+ZnO+PbO 1n
which 0.5-5.5% MgO, 0-5% Zn0O, 0-5% PbO, 1-4% P,O.,
0-7% Al,O;, 0-2% As,0;+Sb,0;.

4. A method as defined in claim 2 wherein said polishing
material having a grain diameter smaller than the diameter
of the crystal grains i1s colloidal silica.

5. A method for manufacturing a magnetic disk substrate
comprising a step of polishing a glass-ceramic having a
crystal phase consisting of crystal grains having an average
diameter of less than 3 um with a polishing material having
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a grain diameter which 1s substantially equal to or larger than
the diameter of the crystal grains and a step of polishing the
olass-ceramic thereafter with a polishing material having a
orain diameter smaller than the diameter of the crystal
oTains.

6. A method as defined 1 claim § wherein said glass-
ceramic includes lithium disilicate (LL1,0-2S10,) and alpha-
quartz (alpha-Si0,) as predominant crystal phases and
orown crystal grains of the alpha-quartz each have a globu-

lar grain structure consisting of aggregated particles and 10

have a diameter within a range of 0.3 um—-3.0 um.

12

7. A method as defined 1n claim 6 wheremn said glass-
ceramic 1s obtained by subjecting to a heat treatment a base

olass which consists in weight percent of 65-83% S10.,
8-13% L1,0, 0-7% K,O, 0.5-5.5% MgO+ZnO+PbO 1n

5 which 0.5-5.5% MgO, 0-5% ZnO, 0-5% PbO, 1-4% P,O.,

0-7% Al,O;, 0-2% As,0;+Sb,0;.
8. A method as defined in claim 6 wherein said polishing,

material having a grain diameter smaller than the diameter
of the crystal grains i1s colloidal silica.

G ex x = e
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